The objective of this study was to use 15 N to label microbial cells to allow development of equations for estimating the microbial contamination in ruminal in situ incubation residues of forage produced under tropical conditions. A total of 24 tropical forages were ruminal incubated in 3 steers at 3 separate times. To determine microbial contamination of the incubated residues, ruminal bacteria were labeled with 15 N by continuous intraruminal infusion 60 h before the first incubation and continued until the last day of incubation. Ruminal digesta was collected for the isolation of bacteria before the first infusion of 15 N on adaptation period and after the infusion of 15 N on collection period. To determine the microbial contamination of CP fractions, restricted models were compared with the full model using the model identity test. A value of the corrected fraction "A" was estimated from the corresponding noncorrected fraction by this equation 
INTRODUCTION
In situ methods are widely used to determine ruminal degradability of DM and CP of feed to obtain RDP and RUP. The in situ procedure consists of placing feed samples in Dracon bags and inserting them in the rumen of cannulated animals. Because the conditions inside the bag are similar to the ruminal conditions, microorganisms that enter the bag, colonize the sample, and subsequently degrade it can be assessed. The usual washing procedures after ruminal incubation remove degraded feed, residual material, and most microorganisms. However, some bacteria remain attached to the residual particles in the bag (Hvelplund and Weisbjerg, 2000) . This contamination has a high N content and causes an underestimation of the CP degradation, particularly for feeds with a low protein content (Varvikko and Lindberg, 1985) .
The current methodologies used for correction of microbial contamination (MC) are based on removal of bacterial cells from the residue or tagging of microbial cells (González et al., 1998; Krawielitzki et al., 2006) . The N isotope 15 N has been widely used as a marker to determine microbial production because it has a low environmental hazard, a low cost, is not found naturally in protein of feeds, and does not label the proteins of animals until the labeled microbial AA are incorporated into their tissues (Broderick and Merchen, 1992) . However, the use of a mathematical model that purports to correct the estimates of the protein degradability in feeds through estimates of the level of MC, as proposed in this study, is justified because the use of 15 N is not possible in all degradation tests due to cost and labor involved. Therefore, the objective of this study was to develop equations to estimate MC in ruminal incubation residues of tropical forages using 15 N as a label and to correct for MC the soluble (A) and potentially degraded (B) fractions and the digestion rate (kd) of CP in the forages.
MATERIALS AND METHODS
The experiment was conducted at the Department of Animal Science, Federal University of Viçosa (Universidade Federal de Viçosa), in the town of Viçosa, Minas Gerais State. The procedures for the humane care and handling of the animals followed the recommendations of the Federal University of Viçosa.
These forages were sampled: toperennial peanut (Arachis pintoi), fresh sugarcane (Saccharum officinarum), Brachiaria grass hay (Brachiaria brizantha), Tifton 85 hay (Cynodon spp.), sugarcane silage (Saccharum officinarum), sugarcane silage treated with 0.4% lime, stylo silage (Stylosanthes guianensis), corn silage (Zea mays), soybean silage (Glycine max), and sorghum silage (Sorghum sudanense). All of these grasses were obtained after 90 d of regrowth: Cenchrus ciliares, Brachiaria brizantha cv. Marandu, Brachiaria brizantha MG-4, Brachiaria brizantha cv. Piatã, Brachiaria brizantha cv. Xaraés, Brachiaria decumbens, Pennisetum purpureum Schum. cv. Anão, Pennisetum purpureum Schum. cv. Paraiso, Pennisetum purpureum Schum., Panicum maximum cv. Massai, Panicum maximum cv. Mombaça, Panicum maximum cv. Tanzania, and Setaria sphacelata. A sample of Brachiaria decumbens that was obtained during the transition from the wet to the dry season in the month of April was also analyzed.
All of the samples were ground in a fodder chopper, dried in a forced air oven, and then ground in a Wiley mill (TECNAL Equipamentos para Laboratório, Piracicaba, São Paulo, Brazil) with a 1-mm sieve for chemical analyses and a 2-mm sieve for in situ ruminal incubation. These samples were analyzed for DM, OM, and CP (AOAC, 1990 ; method number 934.01 for DM, 930.05 for OM, and 981.10 for CP). The ether extract was analyzed after soxhlet extraction with petroleum ether. The NDF, NDF corrected for ash and protein (NDFap), ADF, and ADF corrected for ash and protein were according to the technique described by Mertens (2002) , without the addition of sodium sulfite. Protein corrections were made following Licitra et al. (1996) , with the addition of thermostable α-amylase to the detergent (Ankom Tech. Corp., Fairport, NY). The NDIN and ADIN followed the technique described by Licitra et al. (1996) . The ADL was extracted with 72% sulfuric acid following Van Soest and Wine (1967) . The nonfibrous carbohydrates corrected for ash and protein were calculated following Detmann and Valadares Filho (2010) .
The feeds were divided into 3 groups, and these were ruminally incubated in 3 crossbred steers fed ad libitum with corn silage and concentrate based on 760 g/kg corn, 185.7 g/kg soybean meal, 31.1 g/kg urea, 3.1 g/kg ammonium sulfate, 4.1 g/kg sodium chloride, 6.6 g/kg lime, 8.6 g/kg dicalcium phosphate, and 0.8 g/kg trace mineral premix, at a ratio of 60:40 on a DM basis, with 130 g CP/kg of DM in the diet. The incubation procedure was repeated 3 times, and within each of these periods, each forage group was incubated in the rumen of different steers ( Fig. 1) as a Latin square design. At the end of the incubation procedures, 3 samples for each material at each time of incubation were obtained. The Latin square experimental design was used to assist and organize the information taken in the field, allowing measuring the degradation of different foods without the confounding effect of animal. The objective was to control sources of variation and avoid bias, not to estimate the variability. The Latin square design in this case was not used as a way to analyze the data for comparative differences between forages, animals, or collection periods but just to collect source data for generating equations.
The steers received a solution containing 9.37 g of ammonium sulfate enriched with 10% of 15 Rotta (2012) . The amount of NH 4 + infused by the salt was 1.99 g. Considering a rumen volume of 80 L and an N-ammonia pool of 5 mmol/L, there would be a total N-ammonia pool of approximately 400 mmol/d. Considering 14 mg/mmol of N-NH 3 , then there was a potential 5.6 g N-NH 3 daily pool. Therefore, it should be noted that 1.99 g infused per day is not a negligible value when comparing with the 5.6 g of N-NH 3 potential daily pool of ruminal N-ammonia.
This solution was continuously infused via a peristaltic pump (model 646; Milan, Scientific Equipments, Colombo, Paraná, Brazil) and adapted hoses connected to a ruminal fistula, which was surgically placed as de-scribed by Dougherty (1981) . The pump was regulated so that the volume of the solution was infused over a period of 24 h. After this time, the containers holding the enriched 15 N solution were replaced with a new solution, always at the same concentration. The infusion of ammonium sulfate was initiated 60 h before the first incubation and continued until the last day of incubation to ensure a uniform distribution of 15 N and incorporation of 15 NH 3 into the ruminal microbial pool (Broderick and Merchen, 1992) .
Individually identified nylon bags were used to estimate the parameters of ruminal CP degradation, and 5 g of each feed sample, previously ground to 2 mm, was added. The incubation bags were made with 8 by 16 cm using a nylon material (Sefar Nitex; Sefar, Thal, Switzerland; porosity of 50 μm). The incubation times were 0, 3, 6, 12, 24, 48, 72, 96 , and 120 h. Bags were placed in reverse order so that all bags were removed at the same time for washing. A total of 72 bags were removed from the rumen of each steer at the end (8 feeds × 9 incubations times), totaling 216 bags per period (24 feeds × 9 incubation times).
The samples were ruminally incubated attached to a steel chain with a weight at the end, allowing immersion within the ruminal contents. After the incubation period, the bags were washed with tap water by hand and the end point for washing was the high clarity of rinse water. Samples were dried in an oven at 65°C for 72 h. The bags for the time 0 point were not incubated in the rumen but were rinsed in running water, similar to the incubated bags. Steer 1 received feeds 1 to 8, 9 to 16, and 17 to 24, respectively, in periods 1, 2, and 3. Steer 2 received feeds 9 to 16, 17 to 24, and 1 to 8, respectively, in periods 1, 2, and 3 and steer 3 received feeds 17 to 24, 1 to 8, and 9 to 16, respectively, in periods 1, 2, and 3 (Fig. 1 ). Feeds were named as a number randomly. A composite sample was obtained for each feed residue by combining samples of 3 steers for the subsequent analysis of 15 N. As the data were not analyzed as a 3 × 3 Latin square, this compositing resulted in no relevant confounding, represented a significant cost savings, and provided solid data for generating comparative equations. The CP and NDF analyses were performed on all of the samples after incubation.
Ruminal digesta was collected for the isolation of bacteria before the first infusion of 15 N on the third day of adaptation period for later determination of 15 N background and ruminal digesta also was obtained for the isolation of bacteria after the infusion of 15 N on the third day of each collection period. Three collections were made on each day, being the first before feeding and the other 2 at an interval of 4 h. The procedure used for the isolation of the bacteria was developed by Reynal et al. (2005) and adapted by Krizsan et al. (2010) . A 1-L sample of the ruminal digesta sample was filtered through a 100-μm nylon filter with a 44% pore surface area (Sefar Nitex 100/44; Sefar, Thal, Switzerland), and the material that remained on the filter was washed with 800 mL of 0.90% (wt/vol) saline solution (NaCl). The phase remaining on the filter was saved for the isolation of the bacteria associated with the particles (BAP). The filtered material was processed for the isolation of bacteria associated with the liquid phase (BAL). After centrifugation at 1,000 × g for 10 min at 5°C, the pellet was saved for BAP isolation, and the supernatant was centrifuged at 11,250 × g for 30 min at 5°C. After centrifugation, 200 mL of McDougall's buffer (McDougall, 1948) was added to this centrifugation pellet, and this material was again centrifuged at 16,500 × g for 20 min at 5°C. The pellet resulting from this centrifugation consisted of the BAL and was stored in aluminum trays for subsequent lyophilization.
To isolate the BAP, 700 mL of 0.90% (wt/vol) saline solution with 0.1% Tween-80 (vol/vol) was added to plastic containers with the abovementioned samples that were homogenized with a glass rod for 30 s and stored in the refrigerator at 4°C for 12 h for subsequent centrifugation. After 12 h, the samples were filtered using a 100-μm nylon filter with a 44% pore surface area (Sefar Nitex 100/44; Sefar, Thal, Switzerland). The filtrate was centrifuged at 1,000 × g for 10 min at 5°C, and the supernatant was then centrifuged at 11,250 × g for 30 min at 5°C. The pellet resulting from this centrifugation was combined with 200 mL of McDougall buffer and was recentrifuged at 16,250 × g for 20 min at 5°C. The pellet (BAP) of this last centrifugation was stored in aluminum trays for subsequent lyophilization.
After lyophilization, the blank was composite for each animal, resulting in 3 samples for BAL and BAP, respectively. A composite sample of the BAP and BAL was prepared for each animal in each period; thus, 18 samples were obtained for 15 N analyses: 3 periods and 3 steers for BAP and BAL (3 × 3 × 2). A mean was obtained from BAL and BAP due to the similarity of its values in Δ per thousand, and from this mean the blank was discounted. These samples were stored for further analysis of the DM, OM, CP, and 15 N contents.
The enrichment with 15 N atoms was measured using an isotope ratio mass spectrometer (Delta S; Finnigan MAT, Bremen, Germany). Samples containing approximately 100 μg of N were weighed and placed in 5 by 8 mm capsules for future readings. The ratios of stable isotopes of the same chemical element ( 15 N: 14 N) were evaluated in terms of Δ per thousand, according to international standards, and were converted to percentages of atoms in excess.
To assess the levels of indigestible NDF (iNDF), indigestible ADF (iADF), NDIN, and ADIN, 500 mg of sample ground to 2 mm was placed in Ankom bags (F57; Ankom Tech. Corp., Fairport, NY). The Ankom bags remained in the rumen for 264 h according to Casali et al. (2008) , and the remaining incubation residue after the extractions with neutral and acid detergent were considered the iNDF and iADF, respectively. After the extraction with neutral and acid detergent, the incubation residues were analyzed for CP using the Kjeldahl method (AOAC, 1990; method 981.10) to obtain the NDIN and ADIN, respectively.
The degradation profiles of the CP were estimated using the asymptotic model of Ørskov and McDonald (1979) , which was adapted to compare the corrected and uncorrected parameters for microbial contamination. This model was used to estimate the parameters of CP degradability:
in which CPd = the percentage of CP degraded at any given time, D1 and D2 are dummy variables corresponding to the procedure used when the protein degradation was corrected or not (D1 = 0 and D2 = 1 correspond to degradation without correction for the microbial contamination and D1 = 1 and D2 = 0 corresponds to degradation corrected for the microbial contamination), t = the effect of time on the variables (h), a = the soluble fraction of the CP (%), b = the insoluble fraction that is potentially degradable (%), and kd = the degradation rate of "b" (%). The NLIN procedure (SAS Inst. Inc., Cary, NC) was used, with 0.05 as the critical level of probability for type I error. Restricted and full models were compared by the model identity test (Regazzi, 1993) . In this case, 2 different adjustments were performed for each forage. In the first adjustment, it was assumed that the dimensions of the soluble and the insoluble but potentially degradable fractions and the fractional degradation rate were similar in the corrected and noncorrected profile. The model that arose from this adjustment was called the "restricted model." In the second adjustment, those parameters were supposed to be different for the corrected and noncorrected profile and the model was called the "complete model."
From this information, the statistical comparison was performed using the χ 2 distribution as follows:
is the calculated value of χ 2 statistics, n is the number of observations used for adjusting the degradation profiles, RSSc is the residual sum of squares of the complete model, RSSr is the residual sum of squares of the restricted model, df is the number of degrees of freedom used to perform the test, p(c) is the number of parameters considered in the adjustment of the complete model, and p(r) is the number of parameters considered in the adjustment of the restricted model. For all feeds it was considered p(c) = 6, p(r) = 3, and df = 3.
To assess the importance of the chemical composition variables to estimate the corrected fractions, the coefficient of partial determination of each variable in the full model was estimated, and the stepwise procedure from SAS was adopted to select the fitted equation (Draper and Smith, 1998 ). The independent variables tested were the CP, NDF, NDFap, NDIN, ADIN, iNDF, iADF, ADL, and uncorrected fractions a and b as well as kd. The dependent variables of the model were the corrected fractions a and b and kd. The REG procedure of SAS was used for this analysis.
A mathematical model was adjusted to estimate the microbial contamination in the feed samples, taking into account the different incubation times and the CP contents of the feeds evaluated. The proposed model was as follows:
in which %C = the percentage of microbial contamination in the residue, t = the incubation time (h), CP = the CP of the feed measured (%), and a, b, and c = the model parameters.
A simple linear regression between the iNDF and ADL was used to predict the numerical relationship between these 2 variables; iNDF was used as the dependent variable and ADL as the independent variable using the REG procedure of SAS.
The evaluation of the models proposed above was performed by fitting a simple linear regression model to the observed values (dependent variables) and predicted values by the equations above (independent variables). The adjusted equations were assessed under the null hypothesis (Mayer et al., 1994) :
The observed and predicted values were considered similar when the hypothesis described above was not rejected.
To assess the fractions in relation to the NDF, the model proposed by Raffrenato and Van Amburgh (2010) that incorporates the differences in the fractional rates of NDF degradation by considering the slow, fast, and undegradable fractions was used as follows:
in which NDFt = the percentage of the NDF degraded at a given time t, pdNDF1 and kd1 = the length and rate of degradation of the fast fraction, respectively, pdNDF2 and kd2 = the length and degradation rate of the slow fraction, respectively, L = lag phase, and iNDF = the indigestible NDF. The iterative Marquardt algorithm was used to obtain the parameters of the nonlinear regression equations, and the t-statistic was used for the construction of asymptotic confidence intervals for the parameters (1 -α = 0.95) using the NLIN procedure of SAS.
RESULTS
The feeds varied widely in composition, with the largest variations in the protein and fiber contents (Table 1) . A mean was obtained from BAL and BAP due to the similarity (P > 0.05) of its values (Table 2) , and then this mean was used to calculate microbial contamination in incubation residues. Tables 3 and 4 show the protein degradation parameters of the different feeds. The soluble (A) and potentially degradable (B) fractions and the degradation rate of fraction B (kd) were estimated with and without corrections for contamination. The model identity test determined that the full model was significant for all of the feeds evaluated (P < 0.05), with the exception of the soybean silage and toperennial peanut (i.e., distinct parameters were estimated for the CP degradation fractions separately; P < 0.05; Tables 3 and 4) .
The data obtained in this experiment for the CP fractions with and without corrections for microbial contamination were linearly related to each other, and the fractions without correction were included as independent variables along with the other variables in the chemical composition (Table 5) . Using the stepwise procedure, the corrected fraction "A" was estimated from the corresponding noncorrected fraction: A CP C = 1.99286 + 0.98256 × A CP WC, in which A CP C = the soluble fraction of the CP corrected for microbial contamination and A CP WC = the soluble fraction of the CP without correction for microbial contamination. The corrected fraction "B" was estimated from the cor-responding noncorrected fraction and CP, NDF, neutral detergent insoluble protein (NDIP), and iNDF using the equation B CP C = -17.2181 -0.0344 × B CP WC + 0.65433 × CP + 1.03787 × NDF + 2.66010 × NDIP -0.85979 × iNDF, in which B CP C = the potentially degradable fraction of the CP corrected for microbial contamination and B CP WC = the potentially degradable fraction of the CP without correction for microbial contamination. The corrected kd was estimated from the corresponding noncorrected fraction and CP, NDF, NDIP, and iNDF using the equation kd CP C = 0.04667 + 0.35139 × kd CP WC + 0.0020 × CP -0.00055839 × NDF -0.00336 × NDIP + 0.00075089 × iNDF, in which kd CP C = the rate of degradation of fraction B corrected for microbial contamination and kd CP WC = the rate of degradation of fraction B without correction for microbial contamination. The multiple linear equations generated above were evaluated for their capacity to fit the data, and the null hypothesis was not rejected (P = 0.99, P = 0.31, and P = 0.98, respectively) for fractions A and B as well as kd; that is, the observed data and those predicted by the model were similar. In general, the corrections for microbial contamination can be estimated from the equation initially proposed by Krawielitzki et al. (2006) ; however, in this study, the proposed equation was adapted because the CP levels in the evaluated feed were directly related to the contamination levels. Thus, by adding an additional parameter to the equation of Krawielitzki et al. (2006) that is related to the CP content of the feed and the incubation period, the equation below was generated and used to estimate the percentage of contamination, in which %C = the percentage of microbial contamination, 2 n = 27. Each degradation parameter was obtained using 9 incubation times repeated at 3 separated periods.
3 P < 0.05: There were different estimates for A, B, or kd fraction corrected or not for microbial CP contamination (full model). P > 0.05: estimates of A, B, or kd corrected or not for microbial CP contamination were not different (restricted model). P-value obtained from model identity test by Regazzi (1993) . 4 Estimates for A and B fraction or kd were not corrected (P > 0.05) 2 n = 27. Each degradation parameter was obtained using 9 incubation times repeated at 3 separated periods.
3 P < 0.05: There were different estimates for A, B, or kd fraction corrected or not for microbial CP contamination (full model). P > 0.05: estimates of A, B, or kd corrected or not for microbial CP contamination were not different (restricted model). P-value obtained from model identity test by Regazzi (1993) . 4 Brachiaria decumbens W/D: Sample obtained in the transition between wet and dry season. t = the residence time of the sample in the rumen (h) and CP = the crude protein content of the feed (% DM). %C = 79.21 × (1 -e -0.0555t ) × e -0.0874CP . The model proposed above was evaluated for its capacity to fit the data (Fig. 2) , and the null hypothesis was not rejected (P = 0.3379; i.e., the observed data and those predicted by the model were similar). Therefore, to correct the nondegraded residue of the incubated forages, the equation below should be applied, in which CNDR = corrected residue of incubation (g), NDR = apparent residue of incubation (g), and %C = the percentage of microbial contamination in relation to the initial sample incubated:
A simple linear regression between the ADL and iNDF had no significant effect on the intercept (P = 0.5202); therefore, a new regression was performed using only β 1 (slope) by removing the effect of the intercept. The value obtained for β 1 was 4.1696 ± 0.1341, and the equation obtained was iNDF = ADL × 4.1691. The generated equation was evaluated for its capacity to fit the data, and the null hypothesis was not rejected (P = 0.8095; i.e., the observed data and those predicted by the model were similar).
The NDF values in the residue from the incubated feeds were used to estimate the fast, slowly degraded, and undegradable NDF fractions. The data for some of the feeds did not fit the equation; however, the feeds presented in Table 6 exhibited good fits. It was noted that some of the forages had reduced levels of fast degradable fractions; for example, sugarcane silage, fresh sugarcane, Brachiaria brizantha cv. Xaraés, Pennisetum purpureum Schum., Panicum maximum cv. Massai, and Setaria sphacelata had an average fast degradable fraction (pdNDF1) of 20.2%. The fresh sugarcane and sugarcane silage samples possessed the greatest slowly degradable fractions (pdNDF2). Some grasses also had a high percentage of the pdNDF2 fraction, such as Brachiaria brizantha cv. Xaraés, Pennisetum purpureum Schum., and Panicum maximum cv. Massai. One can also observe greater rates of degradation (kd) for silage (0.0298) when compared with their grasses (0.0199). Peltekova et al. (1995) used 15 (NH 4 ) 2 SO 4 as a label and reported greater recoveries of residual DM and CP compared with residuals corrected for microbial contamination, thus supporting the results of this study. These authors also observed that there were differences in the magnitude of the contamination with the incubation times used and that, after the correction, it was easier to adjust the statistical models used to evaluate the degradability. González et al. (1998) also observed the fits of exponential curves to the microbial contamination data, which indicates that bacteria continuously adhere to particles until all of the adhesion sites are saturated. However, the authors demonstrated that the rate of microbial accumulation differed between the feeds, supporting the observation made in this study that the CP should be included as a correction factor in the adjustment equations for the degradation of the CP in feeds. Arroyo and González (2013) demonstrated that not correcting for the microbial contamination of particles that takes place in the rumen results in different estimates of the ruminally undegraded Table 5 . Parameter estimates of equations to correct the A and B fractions of CP and degradation rate of B fraction (kd) for microbial contamination in silages, hays, and fresh forages fraction. Wanderley et al. (1993) found that microbial colonization in forages and grains exposed to in situ ruminal fermentation affects estimates of the extent and rate of N degradation in feeds and large errors may result, especially for feedstuffs low in protein. Alexandrov (1998) studied the percentage of microbial contamination in the ruminal incubation residues of several forage and concentrated feeds and found that, after the correction for microbial colonization, the CP degradation increased for all feeds, resulting in a large impact on the estimates of nondegradable and degradable protein (RDP and RUP, respectively); the potentially degradable fractions and degradation rates (kd) were also increased. Therefore, the nature of the studied feeds is a variable that must be taken into consideration.
DISCUSSION
The microbial contamination and adhesion sites are directly related to the nature of the plant tissues. In the adjusted models used in this study to predict the values of corrected fractions, certain variables were used to represent the cell wall and its qualities, including NDF, NDIP, and iNDF. Rodríguez and González (2006) reported that rapidly degraded tissues or tissues that are moderately or highly resistant to degradation are directly responsible for the behavior of the microbial contamination curve. According to these authors, cellulose was the structural carbohydrate responsible for the level of colony development whereas the hemicellulose content did not have an important influence on the developed equations, representing only 10% of the numerical importance of cellulose. The hemicellulose content is more important for the prediction of microbial colonization when applied to lightly lignified tissues, as lignin is chemically linked to hemicellulose via phenolic acid bridges. This situation can be observed in this study when, after the stepwise procedure, Acid detergent insoluble protein (ADIP) and iADF did not represent a significant contribution to the formation of the models presented, with a minimal increase in the coefficient of determination due to the low colonization of the lignified tissues. Rodríguez and González (2006) emphasized that the cellulose content is the main factor determining the accumulation of microcolonies in feed particles, which is also responsible for the accumulation of microbial N. Peltekova et al. (1995) reported a greater bias for the estimation of CP degradation when there was no correction for microbial contamination, most likely due to the high protein content of the attached microorganisms. Krawielitzki et al. (2006) demonstrated that, at the beginning of incubation, the microbial contamination is very small because of the lag phase; consequently, the level of microbial N represents only a small proportion of the total N. Microbial contamination begins to increase exponentially with time whereas the N from feeds starts to decline exponentially, reducing the number of adhesion sites, a behavior similar to that reported in this study. As a result, this study used both CP and incubation time to fit the equation predicting the percentage of contamination of forages that underwent ruminal incubation to determine the protein degradation fractions.
In relation to the estimated equation iNDF = ADL (%DM) × 4.1691, it was observed that the constant value found for tropical forage was greater than the value of 2.4 × ADL (%NDF) obtained by Chandler et al. (1980) ; this value is widely used to obtain estimates of all fodder iNDF values. Note that the greater value found in this study implies a greater iNDF value for tropical forages even when the same level of cell wall lignification is present in temperate or tropical forages. The ADL/iNDF relationship denotes the impact of lignification on the digestibility of the cell wall. Paciullo (2002) reported that there is a division of the leaf tissues in C4 grasses (tropical) into rapidly digestible (mesophyll and phloem), slowly digestible and partially digestible (cells of the epidermis and sheath bundle), and indigestible (xylem and sclerenchyma) fractions. In contrast, only the xylem and inner sheath bundles of C3 species (temperate) are resistant to digestion, the sclerenchyma is partially and slowly digestible, and the mesophyll, phloem, and epidermis are rapidly digested. The parenchyma sheath bundle of C3 plants may be slowly or rapidly digestible, depending on the species. Therefore, it is necessary to use a different value for the ADL/iNDF value in tropical pdNDF1 = size of the fast pool of NDF; pdNDF2 = size of the slow pool of NDF; k1 = fractional rate of the fast pool of NDF; k2 = fractional rate of the slow pool of NDF; kd = weighted average rate of pdNDF1 and pdNDF2. Fractions in relation to the NDF were calculated using the model proposed by Raffrenato and Van Amburgh (2010) . n = 27; each degradation parameter was obtained using 9 incubation times repeated at 3 separated periods. and temperate feeds due to the differences in the rates of degradation of the different tissues.
Through a comparison of the slow and fast rates of NDF degradation, it is possible to observe the impact of lignification on the rates of degradation of tropical forages. The sugarcane and sugarcane silage had high proportions of slowly degradable fractions and a high iNDF content whereas their rapidly degradable fractions represented only 17.9 and 17.5%, respectively. That is, the majority of NDF in these forages was slowly degradable or undegradable, likely due to a high level of cell wall lignification. Note that there was a low rate of degradation of the slowly digestible fraction (average 0.0041), likely due to the high iNDF content (average 29.9%). The data for some of the feeds did not fit the equation probably because of the number of parameters that needs to fit in the model (6 parameters), which restrains the meeting of convergence criterion of the NLIN program of SAS.
Conclusion
The forage CP fractions A and B along with the kd for CP are often highly biased by microbial CP contamination and corrected values can be obtained mathematically, thereby replacing the use of microbial markers. The percentage of contamination and the corrected apparent degradability of CP could be obtained from values of CP and time of incubation for each forage, which can reduce cost and labor involved when using 15 N. When determining the potential degradation of CP at various incubation times, the use of this equation to estimate microbial contamination is suggested: %C = 79.21 × (1 -e -0.0555t ) × e -0.0874CP . To calculate the CP degradation corrected for each incubation time, this equation can be used: CNDR = NDR × [(100 -%C)/100], where CNDR = corrected residue of incubation (g), NDR = apparent residue of incubation (g), and %C = the percentage of microbial contamination in relation to the initial sample incubated When the forage has predetermined A and B fractions along with the kd for CP, the equations A CP C = 1.99286 + 0. 
